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(54) Electric motor driven pump 

(57) The present invention provides an electric 
pump apparatus which can be assembled easily by pro- 
viding a groove having a shape corresponding to that of 
an opening ot a bottomed-cylindrical tank cylinder on 
pump side end surface of a bracket for supporting the 
pump and electric motor on its both ends sothat the tank 
cylinder constitutes a reservoir (or operating fluid, de- 
tachably attaching an opening-side-end portion of the 
tank cylinder into the groove, and engaging a snap ring 
with a side wall of the groove; and which is designed to 
be compact in which a suppression chamber for pulsa- 
tion-reduction of discharged fluid is Integrally provided, 
by constituting the suppression chamber with the open- 
ing side of the groove is sealed by an intermediate plate 
provided in-between the opening side and pump. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electric 
pump apparatus, particularly concerns such an electric 
pump apparatus made to be a compact for vehicle- 
mount, which has a reservoir for storing operating fluid, 
the reservoir has a constitution in which an electric mo- 
tor serving as a driving source is integrally attached on 
one side ol a pump via a bracket, a opening-side-end 
portion of a tank cylinder is secured on the pump-sup- 
porting surface of the bracket so as to surround the 
pump. 

[0002] In recent years, automobiles are equipped with 
various hydraulic-actuating devices, such as a power 
steering apparatus and automatic transmission appara- 
tus, which are actuated by oil pressure to assist driving 
operation. Accordingly, pumps which generates oil pres- 
sure for these hydraulic-actuating devices are also 
equipped. 

[0003] This type of the pumps are generally driven by 
engine as a driving source; however, since engine wide- 
ly changes its rotational speed while traveling, engine is 
. not quite appropriate for the driving source. When en- 
gine is used as the driving source, various problems 
arise in which power-consumption for driving the pump 
causes an increase In fuel-consumption rate, and fur- 
thermore mounting position of the pump could be limited 
due to obtaining transmission from the engine. For these 
reasons, in recent years, electric pump apparatuses, 
which use an electric motor as a driving source that is 
driven by power supply from a car-mounted battery in- 
stead of the engine, have been replacing the engine- 
driven-pump apparatuses. 

[0004] Meanwhile, electric vehicles (EVs) have been 
developed in order to prevent environmental deteriora- 
tion due to exhaust gases, because the EV use an elec- 
tric motor for the driving source instead of engine. Even 
the EVs may be mounted with hydraulic-actuating de- 
vices, therefore electric pump apparatuses using elec- 
tric motors as driving sources are inevitably applied with 
respect to generation sources of oil pressure for such 
hydraulic-actuating devices. 

[0005] Furthermore, with respect to the electric pump 
apparatuses of this type, compactness is strongly de- 
manded in order to improve the mountability onto vehi- 
cles. Japanese Laid-Open Patent Application No. 
1 0-82377 (1 998) by the applicant of the present inven- 
* . tiori has disclosed an electric pump apparatus in which: 
a pump is supported on one side of a bracket with an 
electric motor being supported on the other side, and 
both of these are connected at the axal portion of the 
bracket while a bottomed-cyiindrical tank cylinder being 
secured on the pump-supporting surface of the bracket 
so as to surround the pump, and thus a reservoir for stor- 
ing operating fluid is constituted, furthermore, mounta- 
bility onto vehicle is enhanced by integrating the reser- 



voir and electric motor with the pump. 
[0006] Here, in the above-mentioned electric pump 
apparatus disclosed in Japanese Laid-Open Patent Ap- 
plication No. 10-62377 (1998), securing of the tankcyl- 

s inder is achieved by allowing a flange circumferentially . 
provided on its opening-side-end portion to contact the 
supporting su rface of the bracket and fastening them to- 
gether with a supporting flange of the electric motor be- 
ing contacted to the other surface of the bracket by a 

io plurality of securing bolts placed along the circumferen- 
tial direction. However, the problem with the electric 
pump apparatus is that the assembly including this se- 
curing process is very complex. 
[0007] : Here, in the case when the electric pump ap- 

*5 paratus constructed as described above is mounted on 
a vehicle, so-called "longitudinally-aligned arrange- 
ment 11 in which a pump shaft (input shaft) of the pump 
is longitudinally connected with a motor shaft (output 
shaft) of the electric motor is mainly adopted. In some 

20 cases for types of vehicle having a limitation of their 
mounting position, so-called transversally-aligned ar- 
rangement' in which the both shafts are transversally 
connected may be adopted, 

[0008] In order to make it applicable to both types, two 
25 types of tank cylinders are prepared: one is for longitu- 
dinal application in which an oil filler port for operating 
fluid is opened on bottom surface that faces up when 
mounted, and the other is for transversal application in 
which simitar oil filler port is opened on circumferential 
30 surface, and either of these types will be selected de- 
pending on the alignment type. However, if the assem- 
bly has been carried out with an incorrect selection, the 
tank cylinder can not be removed solely, and thus the 
assembly including the installation of the electric motor 
33 has to started over. 

[0009] Moreover, the above-mentioned tank cylinder 
Is made out of a thin cylindrical body, therefore it tends 
to be damaged due to various reasons while in-use. 
When a replacement of the tank cylinder is required due 
40 to such a damaged, a complex task including adjust- 
ments of assembly of the electric motor which needs to 
be removed together with the tank cylinder will also be 
required. Therefore, replacement on assembly basis in- 
cluding the pump and electric motor is conventionally 
45 conducted instead of on part basis; this causes an in- 
crease in costs required for the replacement. 
[0010] Here, the pump in the electric pump apparatus 
constituted as described above is provided as a rota- 
tional volume type such as a gear pump or vane pump. 
so in the pump of this type, since intermittent discharging 
are carried out in response to the rotation of rotors, it is 
not avoidable to have the discharging oil without con- 
taining pulsations. Therefore, this results in disadvan- 
tages such as damages in the piping system on dis- 
ss charging side and generation of noises. 

[0011] These pulsations are generated mainly with a 
frequency corresponding to the product between rota- 
tional rate of the rotors and the number of discharges 
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per rotation. For this reason, the pulsations are effec- 
tively reduced by placing an accumulator having its in- 
ner volume corresponding to this frequency in a hallway 
of the piping system on the discharging side. 
[0012] However, in the car-mounted electric pump ap- 
paratus, it is difficult to mount the accumulator in the 
halfway of the piping system in the most of the cases. 
Therefore, in the aforementioned electric pump appara- 
tus disclosed in Japanese Laid-Open Patent Application 
No. 1 0-82377 ( 1 998), a suppression chamber having the 
aforementioned inner volume is constructed inside a 
reservoir formed on the other side of the pump, and this 
suppression chamber is used as an accumulator by 
communicating it with the discharging side of the pump, 
and thus pressure fluid whose pulsations have been re- 
duced while passing through the suppression chamber 
is sent out to the discharging side. 
[0013] As described above, the electric pump appa- 
ratus disclosed in Japanese Laid-Open Patent Applica- 
tion No. 1 0-82377 (1 998) has a constitution in which the 
driving electric motor and reservoir are integrally formed 
with the pump. Moreover, the apparatus also has a con- 
stitution in which the pulsations on the discharging side 
is reduced by having the suppression chamber as an 
integral part; thus, it is very easy for car application. 
[0014] However, the comparatively bulky suppression 
chamber that requires a predetermined inner volume as 
described above is placed together with the reservoir on 
the other side of the pump (on the opposite side to the 
mounting side of the electric motor), and the electric mo- 
tor, pump, suppression chamber, and reservoir are 
aligned in the shaft direction. Therefore, this constitution 
limits a reduction ol the entire size of the apparatus in 
the shaft direction, and thus it does not sufficiently meet 
the demand of compactness for car-mount-use, 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention has been devised to 
solve the above-mentioned problems, and one of the 
objectives of the present invention is to provide an elec- 
tric pump apparatus integrally having a reservoir with a 
pump and electric motor, by adopting a supporting con- 
figuration in which a tank cylinder, which constitutes a 
reservoir for storing operating fluid, is solely detachably 
attached to a bracket for supporting the pump and elec- 
tric motor; thereby simplifying its assembly, enabling for 
replacement of the tank cylinder alone. 
[001 6] Another objective of the present invention is to 
provide a more compact electric pump apparatus by re- 
ducing its shaft direction dimension, with an effective ar- 
rangement of a suppression chamber for reducing pul- 
sations. 

[001 7] The electric pump apparatus of the present in- 
vention in which a reservoir is constituted by circumfer- 
entially providing a groove on the pump side end surface 
of a cylindrical bracket for supporting the pump and elec- 
tric motor, and fitting an opening-side-end portion of a 



bottomed-cylindrical tank cylinder into the groove so as 
to surround the pump, is characterized in that the open- 
ing-side-end portion of the tank cylinder is fitted into the 
groove circumferentially provided to the pump side end 

s surface, an anti-come-off ring is engaged with a side 
wall of the groove, and thus the tank cylinder is secured 
so as not to come off from the groove. 
[0018] In the present invention, the groove having a 
shape corresponding to the opening end of the tank cyl- 

io inder is provided on one surface of the bracket to which 
the tank cylinder is secured for constituting the reservoir, 
the opening-side-end portion of the tank cylinder is fitted 
into the groove, and this fitting portion is engaged with 
the anti-come-off ring being engaged with the side wall 

is of the groove so as to secure to the groove without com- 
ing off lose. This secured condition is easily cancelled 
without giving an adverse effect on the securing of the 
electric motor, by removing the anti-come-off ring, and 
pulling the opening-side-end portion of the tank cylinder 

20 out from the groove. 

[001 9] Moreover, another electric pump apparatus of 
the present invention is characterized in that the anti- 
come-off ring is a snap ring having a circular cross-sec- 
tion. 

25 [0020] In this invention, the snap ring having a circular 
cross-section is used as the anti-come-off ring. There- 
fore, mounting of the anti-come-off ring in-between the 
groove provided in the bracket and the tank cylinder fit- 
ted into the groove can be easier. 
30 [0021] Furthermore, still another electric pump appa- 
ratus of the present invention is characterized in that the 
tank cylinder is provided with: a fitting portion which has 
a predetermined length from the opening edge of the 
tank cylinder with a thickness approximately equal to 
width of the groove; an inlet surface which is located at 
a position-farther than the fitting portion from the opening 
edge and which faces the side wall of the groove with a 
gap into which the anti-come-off ring is allowed to be 
introduced when being fitted; a guide surface which is 
located between the inlet surface and fitting portion, 
which outwardly inclined toward the opening edge to in- 
troduce the anti-come-off ring along the inlet surface to 
an engaging position of the anti-come-off ring; and an 
engage surface which is continuously provided with the 
guide surface while having a curved surface and which 
comes contact with the anti-come-off ring being en- 
gaged at the engaging position. 
[0022] In this invention, when the fitting portion, pro- 
vided to the opening edge of the tank cylinder, is fitted 
into the groove haying a width corresponding to the 
thickness of the fitting portion, the inlet surface thinner 
than the fitting portion is made to be facing against the 
side wall of the groove with a predetermined gap. there- 
fore, the anti-come-off ring is easily Introduced through 
this gap. Moreover, the anti-come-off ring introduced as 
described above is further introduced into its engaging 
position along the inclined guide surface continuously 
provided with the guide surface, and the tank cylinder is 
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firmly secured without coming off from the groove by 
contacting the anti-come-off ring to the curved engage 
surface continuously provided with the guide surface. 
[0023] Moreover, still another electric pump appara- 
tus of the present invention is characterized by compris- 
ing a biasing member which is intervened between the 
opening edge of the tank cylinder and the bottom sur- 
face of the groove, and which biases the tank cylinder 
to a direction away from the bottom surface, and thus 
the biasing member pushes the engage surface onto the 
anti-come-off ring. 

[0024] In this invention, the biasing member, inter- 
vened between the bottom surface of the groove pro- 
vided to the bracket and the opening edge of the tank 
cylinder fitted Mo the groove, presses the tank cylinder 
in a direction away from the bottom surface of the 
groove, and thus the tank cylinder is held at secured 
state. Therefore, tilting of the tank cylinder within a 
mounting gap, caused by the effect of weight of operat- 
ing fluid stored inside the tank cylinder, is prevented 
when used in the transversalry-aligned arrangement*, 
for example. 

[0025] Still another electric pump of the present inven- 
tion in which an input shaft (motor shaft) of the electric 
motor is attached to one side of the pump via the brack- 
et, and the input shaft is connected together with a pump 
shaft (output shaft) of the pump, while the bracket is in- 
tervened between the pump and electric motor, and a 
suppression chamber Is provided in a discharging path 
of the pump, and thus pulsations of pressurized fluid be- 
ing discharged into the discharging path due to a trans- 
mitted force from the electric motor are reduced by the 
suppression chamber, is characterized in that the sup- 
pression chamber is provided to the bracket 
[0026] In this invention, a space constituted to the 
bracket provided for mounting the electric motor on the 
one side of the pump, excluding the connecting portion 
of the pump and electric motor, is utilized to constitute 
a suppression chamber for pulsation-reduction, and 
therefore a lengthwise space required for placing the 
suppression chamber on the other side of the pump is 
eliminated and thus the length in the shaft direction is 
shortened, as the result that the total size of the appa- 
ratus can be made more compact 
[0027] Moreover, still another electric pump appara- 
tus of the present invention is characterized in that a 
recess provided on the portion of the bracket opposing 
to the pump is sealed by the intermediate plate inter- 
vened between the bracket and pump. 
[0028] In this invention, the recess is provided on the 
surface of the bracket opposing to the pump, and the 
suppression chamber is constituted so as to attain a 
necessary inner volume between the intermediate plate 
intervened, between the pump and bracket and the in- 
side of the recess. Here, the intermediate plate is se- 
cured between the pump and bracket and is having a 
strong structure to stand with a high pressure inside of 
the suppression chamber. 



[0029] Furthermore, still another electric pump appa- 
ratus of the present invention is characterized in that the 
intermediate plate is made of a high-tensile-strength 
aluminum material. 

5 [0030] In this invention, the intermediate plate can be 
made comparatively lighter and thinner, therefore the to- 
tal apparatus size in the shaft direction can be reduced, 
thus the entire apparatus can be much more compact 
In other words, when the suppression chamber is con- 
to stituted by the recess provided to the portion of the 
bracket opposing to the pump and the intermediate 
plate, operable area of reaction force of the fluid pres- 
sure applied to the intermediate plate from the suppres- 
sion chamber will be increased. In addition, it is neces- 

is sary to increase structural strength of the intermediate . 
plate in order to raise the maximum discharging pres- 
sure of the pump more than a predetermined value. 
Thus, to raise the structural strength of this intermediate 
plate, the plate thickness has to be raised more than a 

20 predetermined thickness; however, this idea becomes 
inconsistent with the objective of achieving the compact- 
ness and light-weight for the apparatus. Moreover, if the 
intermediate plate is made of some sort of materials with 
high rigidity such as carbon steels, weight of the entire 

25 apparatus will increase. As oppose to these problems, 
the present invention makes it possible to easily provide 
a compact and light-weight apparatus. 
[0031] Moreover, still another electric pump appara- 
tus of the present invention is characterized in that the 

30 suppression chamber is provided around the input shaft 
of the pump in a winding manner. 
. [0032] In this invention, since flow path length ot the 
pressurized fluid inside of the suppression chamber can 
be made longer than the ferential length of the suppres- 

35 sion chamber, It is not necessary to provide the suppres- 
sion chamber larger. In other words, the bracket in which 
the suppression chamber is provided can be smaller, 
and the pulsations can be effectively reduced. That is, 
in order to effectively reduce the pulsations of the pres- 

40 surized fluid discharged from the pump, the longer the 
length ol the flow path of the pressurized fluid inside the 
suppression chamber having the pressurized fluid stor- 
age with a predetermined volume, the better. However, 
on the contrary, the suppression chamber becomes 

45 bulky, with the result that the entire electric pump appa- 
ratus becomes large. In contrast, the present invention 
makes it possible to lengthen the length of the flow path 
of the pressurized fluid inside of the suppression cham- 
ber without making the suppression chamber larger, and 

so also to effectively reduce the pulsations. Moreover, the 
winding of the suppression chamber makes it possible 
to increase strength of the suppression chamber portion 
in the bracket and consequently to further make the 
bracket much more compact. 

ss [0033] Still another electric pump apparatus of the 
present invention is characterized in that the suppres- 
sion chamber is built inside the bracket. 
[0034] In this invention, th e suppression chamber can 
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be constituted only with the bracket; therefore, as com- 
pared with a case in which the recess and intermediate 
plate constitute a suppression chamber, the number of 
part&can be reduced, and costs can be greatly reduced. 
Further, the bracket is provided with an inlet hole for in- 5 
traducing the pressurized fluid discharged from the 
pump to the suppression chamber. Moreover, since act- 
ing area of the reaction force of the pressurized fluid ap- 
plied to the pump from the suppression chamber is re- 
duced as compared with a case in which the recess and 10 
intermediate plate constitute the suppression chamber, 
a necessary axial force of the securing bolt for securing 
the pump to the bracket can be reduced, with the result 
that the pump can be firmly secured by using smaller 
size securing bolts and the entire apparatus can be is 
made much more compact, consequently. 
[0035] Furthermore, the other electric pump appara- 
tus of the present invention is provided with a plurality 
of flanges which are respectively secured to the inter- 
mediate plate by securing screws (securing bolts); a 20 
synthetic-resin-made reservoir for surrounding the 
pump; a metal-made collar which is inserted through a 
perforation provided in each of the flanges; and a metal- 
made washer plate which is intervened between the col- 
lar and intermediate plate, and in which a plurality of the 25 
washer plates are integrally formed. 
[0036] In this Invention, when the intermediate plate 
is made of a nonferrous metal such as an aluminum al- 
loy, and when the reservoir is secured to the intermedi- 
ate plate by fastening securing screws, the collar pre- 30 
vents the flange of the synthetlc-resin-made reservoir 
from buckling, and also bucking of mounting surface of 
the intermediate plate can be effectively prevented by 
the washer plates; thus, it becomes possible to ensure 
a predetermined fastening axial force. Moreover, since 3S 
the plurality of the washer plates are integrally formed, 
as compared with a case in which all the plurality of the 
washer plates are individually formed, the number of oc- 
currences of dimensional errors in the washer plates 
can be reduced, the dimensional management of the *o 
washer plates can be easily made, the operability of the 
securing process of the reservoir can be improved, and 
it is possible to prevent the washer plates from being 
erroneously left unsecured at the time of the securing 
process. 45 
[0037] The above and further objects and features of 
the invention will more fully be apparent from the follow- 
ing detailed description with accompanying drawings. 

- BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF SO 
THE DRAWINGS 

[0038] 

FIG. 1 is an exploded side view showing an essen- ss 
tial part of the first embodiment of an electric pump 
apparatus according to the present invention; 
FIG. 2 is a lateral cross-sectional view taken along 



HneM of FIG. 1; 

FIG. 3 is an enlarged cross-sectional view showing 
proximity of securing section -of a tank cylinder 
shown in FIG. 1; 

FIG. 4 is an explanatory drawing showing a se- 
quence of securing procedures of the tank-cylinder 
shown in FIG. 1; 

FIG. 5 is an exploded side view showing an essen- 
tial part of the second embodiment of an electric 
pump apparatus according to the present invention, 
which is used in Iransversally-aligned arrange- 
ment'; 

FIG. 6 is an enlarged cross-sectional view showing 
proximity of securing section of the tank cylinder 
shown in FIG. 5; 

FIG. 7 is an exploded side view showing an essen- 
tial part of the third embodiment of an electric pump 
apparatus according to the present invention; 
FIG. 6 is an exploded side view showing an essen- 
tial part of the fourth embodiment of an electric 
pump apparatus from which an electric-motor sec- 
tion is omitted, according to the present invention; 
FIG. 9 is a cross-sectional view of an intermediate 
plate of FIG. 6; 

FIG. 10 is a plan view of the intermediate plate of 
FIG. 8; 

FIG. 11 is a bottom view of the intermediate plate 
of FIG, 8; 

FIG. 12 is a cross-sectional view showing a sup- 
pression chamber in the fifth embodiment of an 
electric pump apparatus according to the present 

invention; 

FIG. 1 3 is a plan view showing a bracket in the fifth 
embodiment of an electric pump apparatus accord- 
ing to the present invention; 
FIG. 1 4 is a bottom view of an intermediate plate in 
the fifth embodiment of an electric pump apparatus 
according to the present invention; 
FIG. 1 5 is an exploded side view showing an essen- 
tial part of the sixth embodiment of an electric pump 
apparatus from which an electric-motor section is 
omitted, according to the present invention; 
FIG. 16 is a side view showing the tank cylinder 
shown in FIG. 15; 

FIG. 1 7 is a lateral cross-sectional view taken along 
fine Ill-Ill of FIG. 16; 

FIG. 18 is a lateral cross-sectional view taken along 
line IMI of FIG. 15; 

FIG. 1 9 is a plan view showing the washer plate 
shown in FIG. 15; 

FIG. 20 is an exploded side view showing an essen- 
tial part of the seventh embodiment of an electric 
pump apparatus from which an electric-motor sec- 
tion is omitted, according to the present invention; 
FIG. 21 is a lateral cross-sectional view taken along 
linelV-IVof FIG. 20; 

FIG. 22 is an enlarged cross-sectional view show- 
ing a securing section for securing a pump to a 
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bracket in the eighth embodiment of an electric 
pump apparatus according to the present invention; 
FIG. 23 is an exploded side view showing an essen- 
tia) part of the ninth embodiment of an electric pump 
apparatus from which an electric-motor section is $ 
omitted, according to the present Invention; 
FIG. 24 is a plan view showing the bracket of FIG. 
23; 

FIG. 25 is a cross-sectional view showing the brack- 
et of FIG. 23; id 
FIG. 26 is a bottom view of the bracket of FIG. 23; 
FIG. 27A is a plan view showing a shell core for 
. forming the suppression chamber showhlri FIGl 23, 
and 

FIG. 27B is a side view showing the shell core for 
forming the suppression chamber shown in FIG. 23. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] Referring to Figures, the following description so 
will discuss embodiments of the present invention in de- 
tail. 

(Embodiment 1) 

25 

[0040] FIG. 1 is an exploded side view showing an es- 
sential part of the first embodiment of an electric pump 
apparatus according to the present invention; and FIG. 
2 is a lateral cross-sectional view taken along line l-l of 
FIG 1. 30 
[0041] In the electric pump apparatus of the first em- 
bodiment, a bracket 2 having a short cylindrical shape, 
which has one surface side on which a pump 1 is sup- 
ported, has the other surface side to which a driving-use 
electric motor 3 is attached. A pump shaft 10 serving as 35 
an input shaft to the pump 1 and a motor shaft 30 serving 
as an output shaft of the electric motor :3 are co-axially 
aligned inside the bracket 2, and coupled together by a 
fit-in-type coupling 4. Thus, the driving force of the elec- 
tric motor 3 taken out by the motor shaft 30 is transmitted <o 
to the pump shaft 10 through the coupling 4 so as to 
drive the pump 1. 

[0042] The pump 1 , which is a known gear pump, is 
placed inside a cavity portion (gear chamber) with an 
elongated-circle cross-section, formed in a housing 11, *5 
so as to allow a driving gear 12 and driven gear 1:3 to 
engage with each other. Operating fluid, inside of a suc- 
tion chamber 18 (see FIG. 2) that is provided on one 
side of this engaging section, is pressurized while being 
transported in a sealed state between the respective so 
gearteeth and inner circumferential surface of the cavity 
portion due to rotation of the gears 1 2 and 1 3, and dis- 
charged into an outlet chamber (not shown) provided on 
the other side of the engaging section. Here, in FIG. 1 , 
the driven gear 13 is shown as its one portion being ss 
overlapped by the driven gear 1 2 located on the front 
side of the drawing paper surface. 
[0043] The driving gear 1 2 and driven gear 1 3 are ro- 



tatably supported at their both ends by a pair of side 
plates 14 that are insertedly fitted into the cavity portion 
of the housing 11 from both sides of the gears, while 
being maintained in the above-mentioned engaging 
state. The pump 1 arranged as described above, which 
allows one-side-end surface ol the housing 1 1 to contact 
the supporting surface of the bracket 2, is secured to the 
end surface of the bracket 2 by fastening a plurality of 
securing bolts 16 (four bolts are shown in FIG. 2) ar- 
ranged along the circumferential direction, together with 
an end plate 15 overlapped on the other-side-end sur- 
face. 

[0044] The pump shaft 10, fitted Into the axial center 
of the driving gear 12. is allowed to penetrate through 
one of the side plates 14 toward the bracket 2 side, and 
connected to the motor shaft 30 of the electric motor 3 
via the coupling 4. Therefore, with respect to the pump- 
ing movement by the pump 1 is carried out in which: 
rotation of the electric motor 3 is transmitted to the driv- 
ing gear 12 through the motor shaft 30, coupling 4, and 
pump shaft 10 in that order, so that the driving gear 12 
rotates within inner cavity portion of the housing 11 , to- 
gether with the driven gear 1 3 in mesh therewith. 
[0045] A tank cylinder 5, which consists of a thin plate 
member having a bottomed cylindrical shape, has its 
opening-side-end portion attached to the bracket 2 tor 
supporting the above-mentioned pump 1 so as to sur- 
round the pump 1 . In other words, a reservoir R for stor- 
ing operating fluid is formed inside the tank cylinder 5. 
[0046] One of the f eatures of the electric pump appa- 
ratus of the present invention lies in its securing struc- 
ture ol the tank cylinder 5. FIG. 3 is an enlarged cross- 
sectional view showing proximity of the securing section 
of the tank cylinder 5 shown in FIG. 1. As illustrated in 
FIGS. 1 and 3, on one side surface of the bracket 2, to 
which the pump 1 is supported, a groove 26a having a 
circular shape on its plan view that corresponds to the 
opening edge of the tank cylinder 5 is circumferentially 
provided so as to surround the pump 1 . The above-men- 
tioned tank cylinder 5 has its opening-side-end portion 
fitted into the groove 26a, with this fitting portion con- 
tacting a snap ring 27 engaging with outside side wall 
of the groove 26a so as be secured without coming off 
from the groove. 

[0047] FIG. 4 is an explanatory drawing showing a se- 
quence of securing procedures of the tank cylinder 5 
shown in FIG. 1. The tank cylinder 5 is provided with a 
fitting portion 51a, inlet surface 51b, guide surface 51c, 
and engage surface 51 d. The fitting portion 51a is 
formed so as to have a thickness approximately equal 
to width of the groove 26a over an appropriate length 
from the opening edge of the tank cylinder 5. The inlet 
surface 51b has a thickness made to be thinner than the 
fitting portion 51 a, and is formed on the side away from 
the opening edge. The guide surface 51 c is located be- 
tween the inlet surface 51 b and fitting portion 51a so as 
to outwardly inclined toward the opening edge. The en- 
gage surface 51 d has a curved surface continuously 
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formed with the guide surface 51c. 
[0048] The lank cylinder 5 having the above-men- 
tioned arrangement is supported with the fitting portion 
5 1 a on the opening edge side thereof being tightly fitted 
into the groove 26a. and secured in this state. Here, as 
illustrated in FIG. 4, the input surface 51b is allowed to 
face side wall of the groove 26a with a predetermined 
gap, and the guide surface 51c continuously formed and 
the engage surface 51 d are continuously formed with a 
semi-circle engagement groove 26b formed on the side 
wall of the groove 26a so as to engage with the snap 
ring 27. 

[0049] The snap ring 27 is a sort of snap-on-type stop 
ring having a circular cross-section, cut at one place on 
its circumferential direction so as to have C-shape ( and 
thus it is allowed to reduce in its diameter by closing the 
notched width. This snap ring 27 is introduced into the 
gap between the inlet surface 51b and side wall of the 
groove 26a while that diameter-reduced condition, and 
as indicated by a two<lot-chain line in FIG. 4, is further 
pushed into the inner side along the gap. This pushing 
can be securely carried out along the inlet surface 51b 
which faces in approximately parallel to the side wall of 
the groove 26a. 

[0050] Upon reaching the guide surface 51c continu- 
ously formed with the inlet surface 51b, the pushed-in 
snap ring 27 is guided outwardly alongthe inclined slope 
of the guide surface 51c while expanding diameter by 
its own elasticity and allowed to engage the engage- 
ment groove 26b; thus, it comes into contact with the 
engage surface 51 d formed as a curved surface as de- 
scribed above. Consequently, the tank cylinder 5 is se- 
cured with the fitting portion 51a fitted into the groove 
26a being prevented from coming off by the snap ring 
27. 

[0051] Here, the engage surface 51 d formed as the 
curved surface is contacting the snap ring 27 serving as 
an anti-come-off ring at one point on its curved surface. 
Therefore, a reaction force, indicated by an arrow in FIG. 
4, is exerted on the snap ring 27 from the contact point 
outward in the radial direction, that is, In a direction so 
as to strengthen engagement to the engagement 
groove 26b. Consequently, the tank cylinder 5 is secure- 
ly clamped in the above-mentioned secured state. 
[0052] On inner surface of the fitting portion 5 1 a of the 
tank cylinder 5 is circumferentially provided with a 
notched portion File which has a rectangular cross-sec- 
tion. The opening edge of the tank cylinder 5 is tightly 
sealed with an 0-ring 81 intervened in the annular gap 
between the notched portion 51 e and groove 26a. 
Therefore, the operating fluid stored inside the tank cyl- 
inder 5, that is, inside the reservoir R, is prevented from 
leaks. 

[0053] The tank cylinder 5 secured as described 
above is provided with, as illustrated in FIG. 2, a return 
opening which penetrates through the circumference 
wall ol the tank cylinder 5 and which opens on the inner 
surface thereof at one position along the circumferential 



direction. This return opening is connected to an oil 
transporting end, not shown, through a return pipe 5a 
that is provided on the tank cylinder 5 in an outwardly 
protruding manner so that relumed oil from the oil trans- 
5 porting end is returned to the reservoir R via the return 
pipe 5a. 

[0054] Moreover, a flow-dividing plate 6 is attached to 
inside of the tank cylinder 5 so as to face the return open- 
ing at end of the return pipe 5a. This flow-dividing plate 
10 6 is a plate member curved along the. inner surface of 
the tank cylinder 5, and is provided with a flow-dividing 
protrusion 60 having a triangle cross-section that is pro- 
truded toward the return opening, in the approximately 
central portion. On one half portion of the flow-dividing 

15 plate 6 connecting to one side having this flow-dividing 
protrusion 60, a plurality of oil-returning perforations 61 , 
which penetrate the circumference thereof, are formed, 
and on the other half portion of the flow-dividing plate 6 
connecting to the other side, guide-out tubes 62 are 

20 formed on the end portion in parallel with each other. 
[0055] As illustrated in FIG. 2, to a pump 1 placed in- 
side the tank cylinder 5 is connected a suction tube 1 6a 
that commun icates with a suction chamber 1 8 inside the 
housing 11 . The suction tube 18a is a pipe or hose that 

25 radially outwardly protrude from the housing 11 , and is 
curved along the inner surface of the tank cylinder 5. 
The tip portion of the guide-out tube 62 is inserted into 
the suction tube 18a that opens along the circumferen- 
tial direction of the tank cylinder 5. 

30 [0056] Here, the returned oil from the oil-feed desti- 
nation through the return pipe 5a as described above 
collides with the flow-dividing protrusion 60 and is divid- 
ed into two flows as indicated by arrows in FIG. 2. The 
returned oil that has been divided to one side (right side 

35 in FIG. 2) is returned to the tank cylinder 5 through the 
respective oil-returning perforations 61. The other por- 
• tion of the returned oil that has been divided to (he other 
side (left side in FIG. 2) is allowed to flow along the an- 
nular space between the inner surface of the tank cylin- 

<o der 5 and the flow-dividing plate 6, and guided out to the 
suction tube 18a through the guide-out tube 62, and 
then directly sucked into the suction chamber 18 of the 
pump 1 together with operating fluid that is introduced 
from the reservoir R through the rest of the openings of 

45 the suction tube 18a, 

[0057] Therefore, the operating fluid stored in the res- 
ervoir R is sucked into the suction chamber 18 through 
the suction tube 18a. Together with this, one portion of 
the returned oil that has been returned through the re- 

50 turn pipe 5a from the oil-feed destination is divided by 
the flow-dividing plate 6, and introduced into the suction 
chamber 18 through the guide-out tube 62 with prede- 
termined pressure and velocity. With this arrangement, 
the flow on the suction side is stabilized so that the gen- 

55 eration of cavitation can be reduced. 

[0058] The operating fluid, sucked into the suction 
chamber 18, is pressurized due to rotation of the driving 
gear 12 and driven gear 13 as described earlier, and 
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discharged into an outlet chamber, not shown, that is 
formed on the other side of the suction chamber 18. A 
suppression chamber 21 having a predetermined inner 
volume is formed in the bracket 2 as an annular chamber 
that surrounds the connecting section between the « 
pump shaft 1 0 and motor shaft 30. The outlet chamber 
of the pump 1 is allowed to communicate with the sup- 
pression chamber 21. Moreover, at one portion of the 
outer circumference of the bracket 2, an outlet base 64 
is provided in a protruding manner as shown in FIG. 2, to 
and a connecting port 63 that opens in the center of this 
outlet base 64 is allowed to communicate with the sup- 
pression chamber 21 inside the bracket 2 
[0059] With the above-mentioned arrangement, the 
discharged oil from the pump 1 is once introduced into 
the suppression chamber 21, and then sent out to the 
oil-feed destination, not shown, through the connecting 
port 63. In this case, the suppression chamber 21 is al- 
lowed to absorb pulsating components of the dis- 
charged oil that is introduced from the outlet chamber 20 
of the pump 1 , thereby making it possible to reduce pul- 
sations of the discharged oil from the outlet hole. The 
pulsating components of the discharged oil have a fre- 
quency, as its main component, that corresponds to a 
product between the number of rotations of the driving 25 
gear 12 and driven gear 13 serving as rotors and the 
numbers of teeth of the driving gear 12 and driven gear 
13 that become the number of discharges per rotation. 
Thus, based upon that product, the inner volume of the 
suppression chamber 21 is properly determined so that 30 
it becomes possible to effectively absorb the above- 
mentioned pulsations. 

(Embodiment 2) 

35 

[0060] The electric pump apparatus shown in FIG. 1 
is designed to be used for the "longitudinally-aligned ar- 
rangement" in which the shaft directions of the pump 1 
and electric motor 3 are aligned longitudinally, and an 
oil filler port 53 for operating fluid is provided on the bot- <o 
torn surface of the tank cylinder 5 facing upward How- 
ever, as illustrated in FIG. 5, the present invention is also 
applicable to an electric pump apparatus used for the 
"transversaily-aligned arrangement 0 in which the shaft 
directions of the pump 1 and electric motor 3 are aligned 45 
transversally. 

[0061 ] FIG. 5 is an exploded side view showing an es- 
sential part of the second embodiment of an electric 
pump apparatus according to the present invention, 
which is used for the Iransversally-aligned arrange- so 
ment." With respect to the entire constitution of this elec- 
tric pump apparatus, the oil filler port 53 for supplying 
operating fluid into the reservoir R is formed on circum- 
ferential surface of the tank cylinder 5 so as to face up- 
ward. Except this arrangement, the electric pump appa- ss 
ratus of the second embodiment is similar to the electric 
pump apparatus of the first embodiment shown in FIG. 
1 ; therefore, the same reference numerals are used for 



similar members and the detailed description of the oth- 
er arrangements and functions is omitted. Here, in FIG. 
5, illustrations of the .return pipe 5a and flow-dividing 
plate 6 are omitted. 

[0062] As shown in the electric pump apparatus of. 
FIG. 5, similar constitution is adopted in which: the open- 
ing-side-end portion of the tank cylinder 5 is fitted into 
the groove 26a circumferentialty provided on the corre- 
sponding surface of the bracket 2, with the snap ring 27 
being engaged by the groove 26a so as to prevent the 
tank cylinder 5 from coming off. However, in the case 
when the "transversally -aligned arrangement" as shown 
in the FigTure is adopted, operating fluid stored Inside the 
reservoir R is held still as indicated by its fluid surface 
shown in FIG. 5. Therefore, a rotational moment corre- 
sponding to weight o1 the operating fluid is exerted on 
secured portion of the tank cylinders, with the result that 
the tank cylinder 5 might tilt within a range of the fitting 
gap between the fitting portion 51 a and groove 26a. 
[0063] FIG. 6 is an enlarged cross-sectional view 
showing proximity of securing section of the tank cylin- 
der 5 in the Iransversally-aligned arrangement 0 shown 
in FIG. S. As illustrated in FIG. 6, on the fitting portion 
51a of the tank cylinder 5, in similar manner to the 
notched portion 51 e on its inner surface, a notched por- 
tion 51f having a rectangular cross-section is also cir- 
cumferentially provided on its outer surface, and an O- 
ring 82 is intervened in the annular gap between the 
notched portion 51 f and groove 26a 
[0064] This 0-ring 82 is, different from the sealing-use 
O-ring 81 intervened in the annular gap between the 
notched portion 51 e and groove 26a, is intervened with 
a predetermined pressure being applied thereto be- 
tween it and the bottom surface of the groove 26a. In 
other words, the O-ring 82 is pushing the fitting portion 
51a of the opening end of the tank cylinder 5 to a direc- 
tion away from the bottom surface of the groove 26a, 
pressing the engage surface 51 d continuously formed 
with the fitting portion 51a against the snap ring 27 so 
that the clamping of the fitting portion 51a is strength- 
ened. Thereby, probable tilting of the tank cylinder 5 
caused by the above-mentioned rotational moment can 
be prevented, and thus it becomes possible to ensure 
a securing state even for the "transversatly-aligned ar- 
rangement." 

[0065] Here, the above-mentioned strengthening of 
the clamping by intervention of the 0-ring 82 is effective 
even for the "longitudinally-aligned arrangement." 
Therefore, the securing constitution shown in FIG. 6 
may of course be applied to the electric pump apparatus 
for use in the "longitudinally-aligned arrangement" as 
shown in FIG. 1. Moreover, instead of the above-men- 
tioned O-ring 82, other biasing members, such as elastic 
rings having other forms and various types of springs, 
may be used so as to bias the opening end of the tank 
cylinder 5 In a direction away from the bottom surface 
of the groove 26a. 

[0066] Furthermore, in the above-mentioned embod- 
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iment, the snap ring 27 having a circular cross-section 
is used as an anti-come-off ring for clamping the open- 
ingrside-end portion of the tank cylinder 5 that engages 
the groove 26a of the bracket 2 and is fitted into the 
groove 26a, so as not to come off; however, other type 
of the anti-come-off rings having different shapes may 
be used as long as it exerts the same functions. 

(Embodiment 3) 

[0067} FIG. 7 is an exploded side view showing an es- 
sential part of the third embodiment of an electric pump 
apparatus according to the present invention. The pump 
1 of the third embodiment is sandwiched between an 
end plate 15 and intermediate plate 1 7 that are fastened 
together with a plurality of securing bolts 16 (only one 
of which is shown) aligned along the circumferentia) di- 
rection on both sides of the housing 11; thus, the both 
plates 1 5 and 1 7 prevent the side plate 1 4 from coming 
off. 20 
£0068] The above-mentioned intermediate plate 1 7 is, 
as illustrated in FIG. 7, a flat plate having a diameter 
sufficiently larger than the pump 1 , and an opposing side 
surface to the pump 1 serves as a mounting base for 
the bracket 2 used for mounting the electric motor 3, and 2S 
the other side surface, that is a surface on the same side 
as the pump 1 serves as a mounting base for the tank 
cylinder 5 that constitutes the reservoir. 
[0069] In the third embodiment, the tank cylinder 5 
has its opening edge fitted into a faucet portion 171a 30 
that is circumferentially provided on the one-side-end 
surface (mounting side of the pump 1 ) of the intermedi- 
ate plate 17, and attached so as to surround the pump 
1 . Moreover, the bracket 2 is a cylindrical body with ap- 
proximately the same diameter as the intermediate plate 3S 
1 7, and its opening edge on one side is fitted to a faucet 
portion 171b that is circumferentially provided on the 
other-end surface of the intermediate plate 17 so that it 
is attached co-axially with the intermediate plate 17. 
[0070] As described above, the tank cylinder 5 and <o 
bracket 2 located on both sides of the intermediate plate 
17 are secured together in a sandwiching manner hav- 
ing the intermediate plate 17 in-between by fastened a 
plurality of securing bolts 52 {only one of which is . 
shown), which are circumferentially placed on a secur- 45 
ing flange 50 circumferentially provided on the former 
member, bolted through respective threaded holes 
formed at corresponding positions on outer circumfer- 
ential portion of the bracket 2. The pump shaft 10 serv- 
- . ing as an input shaft to the pump 1 is co-axially fitted so 
into the driving gear 1 2 inside the housing 11 , supported 
by the side plate 14 on both sides thereof, and allowed 
to protrude at axial center of the bracket 2 through a 
perforation penetrating throu gh approximately center of 
the Intermediate plate 17. ss 
[0071] On the other hand, the electric motor 3 is cir- 
cumferentially provided with a securing flange on side 
to which a plurality of securing bolts :31 (only one of 



which is shown) are inserted in circumferential direction, 
and the securing bolts 31 are bolted through respective 
threaded holes formed on the-other-end surface of the 
bracket 2 so that the electric motor 3 is aligned coaxially 
* with the bracket 2. By this securing, the motor shaft 30 
serving as the output shaft of the electric motor 3 is 
aligned co-axially with the pump shaft 10 at axial center 
of the bracket 2, and they are co-axially connected by 
the coupling 4. 

[0072] Suction of operating fluid into the gear cham- 
ber is carried out through a return port, not shown, that 
opens on outer circumference of the housing 11 , facing 
inside of the reservoir R constituted by the tank cylinder 
5. Returned fluid from the hydraulic^ctuating device is 
supplied into the reservoir R through the return pipe 5a 
attached on outer circumference of the tank cylinder 5. 
Inside the tank cylinder 5, a flow-dividing plate 6 is pro- 
vided so as to face the communicating section of the 
return pipe 5a, so that the operating fluid supplied 
through the return pipe 5a loses its speed and stays in- 
side of the reservoir R after collided with the flow-divid- 
ing plate 6. 

[0073] On the other hand, the outlet hole (not shown), 
for the pressurized fluid from inside of the gear chamber, 
is formed so as to penetrate through corresponding po- 
sition of the intermediate plate 1 7 in the thickness direc- 
tion. A groove 26a, which has an annular shape sur- 
rounding the connecting portion between the pump 
shaft 10 and motor shaft 30, and which opens on the 
opposite side to the intermediate plate 17, is formed in 
the bracket 2 provided outside the intermediate plate 17. 
A suppression chamber 21 , which has a predetermined 
inner volume by sealing the opening with the intermedi- 
ate plate 17, is provided on the opening side of the 
groove 26a. The outlet hole, which is formed so as to 
penetrate the intermediate plate 17, is allowed to open 
inside the suppression chamber 21 i . 
[0074] Moreover, the suppression chamber 21 is con- 
nected to the oil-feed destination by an outlet tube, not 
shown, that is attached to circumference of the bracket 
2. The discharged oil from the pump 1 is introduced into 
the suppression chamber 21 through the outlet hole that 
penetrates the intermediate plate 17, and then sent out 
to the oil-feed destination through the outlet tube: Here, 
the suppression chamber 21 absorbs pulsating compo- 
nents of the discharged oil being introduced inside 
thereof through the outlet hole, and thus reduces pulsa- 
tions of the discharged oil from the outlet tube. The inner 
volume .of the suppression chamber 21 can be appro- 
priately determined based upon main frequency com- 
ponent of the pulsations as described above. 
[0075] The suppression chamber 21 , which reduces 
the pulsations as described above, is provided as an an- 
nular chamber surrounding the connecting portion of the 
pump shaft 10 and motor shaft 30 inside the bracket 2 
which is provided so as to mount the driving-use electric 
motor 3 thereon. The bracket 2 has a required length in 
the shaft direction for enabling the above-mentioned 
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connection. Thus, by utilizing within the lengthwise por- 
tion in the shaft direction ol the bracket 2, the suppres- 
sion chamber 21 can be constructed without increasing 
its entire length In the shaft direction while maintaining 
the above-mentioned appropriate inner volume. There- s 
tore, it is possible to provide an electric pump apparatus 
which is made to be much more compact. 
[0076] . Furthermore, the suppression chamber 21 is 
to receive the discharged oil from the pump 1 ; however, 
this suppression chamber 21 is, as described above, io 
constituted by sealing the opening side of the annular . 
groove 26a formed in the bracket 2 with the intermediate 
plate 17. The intermediate plate 17 is firmly secured be- 
tween the pump 1 and bracket 2 by a plurality of securing 
bolts 52 placed along the circumferential direction; thus, is 
it is allowed to withstand high pressures inside the sup- 
pression chamber 21 with a sufficient allowance. 
[0077] In the housing 1 1 ol the pump 1 , a relief valve 
7 is built in one position along the circumferential direc- 
tion so as to release an excessive pressure inside the 20 
suppression chamber 21. This relief valve 7 is provided 
with a cylindrical spool holder 71, spool 72, and spring 
holder 73 inside a valve hole formed by penetrating the 
housing 1 1 1ncluding the end plate 1 5 in the shaft direc- 
tion. The spool holder 7 1 is fitted into the opening on the 2S 
side opposite to the intermediate plate 1 7, the spool 72. 
is slidably held at the axial center of the spool holder 71 , 
and the spring holder 73 is attached to the opening on 
the end plate 15 side of the valve hole. A relief spring 
74 is intervened between the opposing surfaces of the .30 
spring holder 73 and spool 72 so that tip of the spool 72 
is pressed onto the intermediate plate 17 by a spring 
force of the relief spring 74. 

[0078] A connecting hole 75, which communicates 
with the suppression chamber 21 in the vicinity of press- 3S 
; ing portion of the spool 72, is formed in the intermediate 
plate 17. Moreover, a relief hole 76 penetrates at half- 
way portion of the spool holder 71 in the radial direction, 
and the relief hole 76 is allowed to communicate with 
inside of the reservoir R constituted by the tank cylinder ao 
5, through a communicating hole formed at the corre- 
sponding position of the housing 11. The opening end 
of the relief hole 76 to inside of the spool holder 71 is 
constituted so that the spool 72 held by the spool holder 
71 Is released when the spool 72 moves in a direction <s 
away from the intermediate plate 1 7 against spring force 
of the relief spring 74. 

[0079] In the relief valve 7 arranged as described 
above, the spool 72 is pressed toward opposite to the 
spring force of the relief spring 74 by an inner pressure so 
of the suppression chamber 21 that is exerted on its tip 
through the connecting hole 75. The spool 72 is allowed 
to move in a leaving direction from the intermediate plate 
1 7 when this pressing force exceeds the spring force of 
the relief spring 74, andthi6 movement releases the re- ss 
lief hole 76 formed in the spool holder 71 so that the 
inner pressure of the suppression chamber 21 is re- 
leased to the reservoir R through the connecting hole 



75 and relief hole 76. 

[0080] The spring holder 73 with which the other end 
of the relief spring 74 elasticalfy comes into contact is 
secured to the opening end on the end plate 1 5 side of 
the valve hole formed in the housing 11, and can be 
changed in its progressing length toward the valve hole 
by adjusting the thread This change in length makes It 
possible to appropriately determined the spring force of 
the relief spring 74, that is, the relief pressure that is ex- 
erted against the spring force. The end ol the spring 
holder 73 is protruded outside the end plate 15 as illus- 
trated in FIG. 7; therefore, the adjusting operation on the 
ihind ibr.ctMniihi^iha'fttaaf pressure" is easily car- 
ried out from outside the end plate 15. 
[0081] Here, the other constitutions and functions of 
the electric pump apparatus of the third embodiment is 
similar to the first and second embodiments; therefore, 
the same reference numerals are used for similar mem- 
bers and the detailed description thereof is omitted. 

(Embodiment 4) 

[0082] FIG . 8 is an exploded side view showing an es- 
sential part of the fourth embodiment of an electric pump 
. apparatus according to the present invention, from 
which the section of ah electric motor is omitted. FIGS. 
9 through 1 1 are cross-sectionall plan and bottom views 
of the intermediate plate shown in FIG. 8 respectively. 
[0083] In the electric pump apparatus of the fourth 
embodiment, the intermediate plate 17 constituting the 
suppression chamber 21 together with the groove 26a 
of the bracket 2 is made o1 a high-tensile-strength alu- 
minum, material. Except this arrangement, the electric 
pump apparatus of the fourth embodiment is similar to 
the electric pump apparatus of the third embodiment 
shown in FIG. 7; therefore, the same reference numer- 
als are used for similar members and the detailed de- 
scription of the other arrangements and functions is 
omitted. 

[0084] The intermediate plate 17 of the electric pump 
apparatus of the third embodiment is made of an alumi- 
num alloy standardized by Japanese Industrial Stand- 
ard (JIS) H 2118, for example, type 12-1 or 12*2; how- 
ever, an intermediate plate 17A of the fourth embodi- 
ment is made of a high-tensile-strength aluminum ma- 
terial standardized by JIS H 4000. such as, for example, 
any one of alloy numbers 2014, 2219, 2024, and 7075, 
or any one of alloy numbers 2014, 2024, and 7075 plus 
a core material as a laminated member, or any one of 
alloy numbers 2014, 2024. and 7075 plus a coating ma- 
terial as a laminated plate. 

[0085] The intermediate plate 1 7A is formed into a cir- 
cular plate shape with a shaft hole 171 c at the center 
thereof. A cylindrical faucet portion 171d to which the 
tank cylinder 5 is fitted Is provided on one surface on the 
pump 1 side, and a cylindrical faucet portion 171 e to 
which the bracket 2 is fitted is provided on the other sur- 
face on ttieljracket 2 side. Moreover, an outlet hole 171f 
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that communicates with the outlet chamber of the pump 
1. the connecting hole 75, a pair of positioning holes 
171g, and four perforations 171j through which the se- 
curing bolts 16 are inserted are respectively provided 
between the shaft hole 171c and faucet . portion 171d. 
Moreover, a plurality of flanges 171 k (four in this case), 
each having a perforation 171h, are provided in a pro- 
truding manner along the outer circumference of the in- 
termediate plate 17A, with predetermined intervals 
along the circumferential direction. 
[0086] In the fourth embodiment, the opening of the 
groove 26a is sealed so as to constitute the suppression 
chamber 21 together with a recess 20 so that the inter- 
mediate plate 1 7 A, which has a comparatively large op- 
erable area of the fluid pressure reaction force, is made 
of a high-tensile-strength aluminum material; thus, it is 
allowed to withstand the fluid pressure reaction force 
even with a comparatively thin thickness. Therefore, it 
becomes possible to make the intermediate plate 17A 
much lighter with a comparatively thinner thickness, and 
consequently to reduce the dimension of the entire elec- 
tric pump apparatus in the shaft direction so as to make 
the apparatus even smaller. 

(Embodiment 5) 

[0087] FIG. 12 is a cross-sectional view showing a 
suppression chamber section in the fifth embodiment of 
an electric pump apparatus according to the present in- 
vention. FIG. 13 is a plan view showing a bracket in the 
fifth embodiment, and FIG. 14 is a bottom view of an 
intermediate plate in the fifth embodiment. 
[0088] In the electric pump apparatus of the fifth em- 
bodiment, instead of forming the suppression chamber 
21 without protrusions and recessions on the side wall 
of the annular groove 26a, a plurality of first and second 
baffle plates 65 and 66, which extend from the bracket 
2 and intermediate plate 17 or 17A toward the groove 
26a, are alternately provided with predetermined inter- 
vals along the side wall of the groove 26a so that a sup- 
pression chamber 21 A, which is allowed to wind in cir- 
cumferential directions around the pump shaft 10 and 
motor shaft 30 by these baffle plates 65 and 66. is 
formed. Except this arrangement, the electric pump ap- 
paratus of the fifth embodiment is similar to the electric 
pump apparatus of the third embodiment shown in FIG. 
7; therefore, the same reference numerals are used for 
similar members and the detailed description of the oth- 
er arrangements and functions is omitted 
[0089] The first and second baffle plates 65 and 66, 
each having a length shorter than depth of the groove 
26a, are integrally formed with the bracket 2 and inter- 
mediate plate 17 or 17 A, and when the intermediate 
plate 17 or 17A seals the groove 26a, predetermined 
gaps are formed between the first baffle plates 65 and 
bottom surface of the intermediate plate 17 or 17A, as 
well as between the second baffle plates 66 and surface 
of the recess of the bracket 2, as illustrated in FIG. 12. 
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In other words, these gaps are formed as the suppress 
sion chamber 21 A winding in circumferential directions. 
This suppression chamber 21 A is provided with the out- 
let hole 1711 , which penetrates through the intermediate 
plate 1 7 or 1 7A and communicates with the outlet cham- 
ber of the pump 1, at one end portion along its circum- 
ferential direction. The suppression chamber 21 A is also 
provided with a connecting port 63 of the outlet tube at 
the other end portion along the circumferential direction. 
Thus, the pulsating components contained in the pres- 
surized fluid introduced into the suppression chamber 
21 A from the outlet hole 1711 is absorbed. 
[0090] In the fifth embodiment, the suppression 
chamber 21 A, which has its lengthwise direction along 
the circumferential direction around the pump shaft 10 
and motor shaft 30 so as to wind along the circumferen- 
tial direction; thereby length of the flow path within the 
suppression chamber 21 A for the pressurized fluid is 
lengthened as compared with that of the flow path within 
the suppression chamber 21 of the first embodiment 
without winding. Therefore, it is possible to preferably 
reduce the pulsations of the pressurized fluid without the 
need for increasing the size of the suppression chamber 
21 A not more than a predetermined size, and conse- 
quently to make the bracket 2, on which the suppression 
chamber 21 A is provided, much more compact. 
[0091] Here, in the fifth embodiment, the second baf- 
fle plates 66 used for winding the suppression chamber 
21 A may be formed on the bracket 2 together with the 
first baffle plates 65, although not shown, so as to allow 
the suppression chamber 21A to wind, instead of pro- 
viding them on the intermediate plate 17 or 17A. In this 
case, for example, the first baffle plates 65 are provided 
on one surface of a pair of circumferential surfaces that 
face each other in a protruding manner, and the second 
baffle plates 66 are provided on the other surface of the 
paired circumferential surfaces, and these first and sec- 
ond baffle plates 65 and 66 are placed alternately with 
a predetermined interval with each other. Furthermore, 
a gap is provided between the first baffle plate 65 and 
the one surface, as well as between the second baffle 
plate 66 and the other surface, so as to form a suppres- 
sion chamber 21 A winding along the circumferential di- 
rection. 

(Embodiment 6) 



FIG. 15 is an exploded side view showing an 
essential part of the sixth embodiment of an electric 
pump apparatus according to the present invention, 
from which an electric motor section is omitted. FIG. 1 6 
is a side view showing the tank cylinder shown in FIG. 
1 5, FIG. 17 is a lateral cross-sectional view taken along 
line Ill-Ill of FIG. 16, and FIG. 18 is a lateral cross-sec- 
tional view taken along line IMI of FIG. 1 5. 
[0093] The electric pump apparatus of the sixth em- 
bodiment is provided with: a synthetic-resin-made tank 
cylinder 5 for surrounding the pump 1 having a plurality. 



11 



BNSDOCfD: <EP 



_0987439A2J_> 



21 



EP0987 439A2 



22 



of flanges 54 which are secured onto !he intermediate 
plate 17 or 17A by the securing bolts 52; metal-made 
collars 56 which are inserted through the perforations 

55 formed in the flanges 54; and a plurality ol (tour in 
this case) of metal-made washer plates 57 which are 
intervened between the collars 55 and intermediate 
plate 17 or 17A. Here, a plurality of the washer plates . 
57 (two in this case) are integrally formed. Except this 
arrangement, the electric pump apparatus of the sixth 
embodiment is similar to the electric pump apparatus of 
the third or fourth embodiment; therefore, the same ref- 
erence numerals are used for simitar members and the 
detailed description of the other arrangements and func- 
tions is omitted. 

[0094] FIG. 19 is a plan view showing the washer 
plates. The washer plates 57 Is formed into a approxi- 
mately arc shape, and one end portion and the other 
end portion in its lengthwise direction are made to be 
gradually wider than intermediate portion, and perfora- 
tions 57a for securing the bolts 52 are provided in these 
one and other end portions. . 
[0095] The collar 56 has a cylindrical shape in which 
one end portion has a tapered surface on its outer cir- 
cumference and the other end portion has flange 56a. 
The collar 56 is inserted through a perforation 55 of the 
flange 54 from the cyfindrical portion side of the tank 
cylinder 5 so as to allow the flange 56a to come in con- 
tact with mounting surface of the flange 54. 
[0096] Moreover, a pair of recessed portions 58. each 
having a depth corresponding to thickness of the washer 
plate 57. are provided in the end surface on the flange 
54 side of the tank cylinder .5 so that the recessed por- ^ 
tions 58 are allowed to receive the washer plate 57, 
[0097] In the sixth embodiment, for example, the 
washer plates 57 are placed into the respective paired 
recessed portions 58 of the tank cylinder. 5. as well as 
inserting the collars 56 into the perforations 55 of the 
flanges 54. The tank cylinder 5 is directed to be contact 
with surface of the intermediate plate 17 or 17A on the 
pump 1 side, and the securing bolts 52 are inserted 
through the holes of the collars 56 and the perforations 
17lh of the intermediate plate 17 or 17A and bracket 2. 
Then, the securing bolts 52 are screwed into the thread- 
ed-holes of the electric motor 3 side member so as to 
be clumped; thus the tank cylinder 5 is secured to the 
intermediate plate 1 7 or 1 7 A, and the intermediate plate 
1 7 or 1 7 A and bracket 2 are secured to the electric motor 
3 side member. In this case, since the fastening forces 
of the securing bolts 52 can be applied to the metat- 
* - made intermediate plate 17 or 17A through the collars 

56 and washer plates 57, buckling of the flanges 54 of 
the synthetic-resin-made tank cylinder 5 can be prevent- 
ed by the collars 56. and buckling of the mounting sur- 
face of the intermediate plate 17 or 17A can be prefer- 
ably prevented by the washer plates 57; thus, it is pos- 
sible to ensure a predetermined fastening force. 
[0098] Moreover, since the adjacent two washer 
plates 57 are integrally formed, probable dimensional 



errors ol the washer plates 57 can be tremendously re- 
duced as compared with having all washer plates 
formed as individual parts; thus, it is possible to easily 
manage the dimension of the washer plates 57. More- 

s over, since the number of the washer plates 57 can be 
reduced without decreasing the number of securing 
places, it is possible to improve operabilrty for securing 
the of the tank cylinder, and also to prevent the washer 
plates 57 from being erroneously left unsecured during 

io the securing process. 

[0099) Here, in the sixth embodiment, the securing 
bolts 52 for securing the tank cylinder 5 may be arranged 
to be fastened to the threaded holes formed in the brack- 
et 2 or Intermediate plate 17 or 17 A, instead of being 

is fastened to the member on the electric motor 3 side. 

(Embodiment 7) 

[0100] FIG. 20 is an exploded side view showing an 
20 essential part of the seventh embodiment of an electric 
pump apparatus according to the present invention, 
from which an electric motor section is omitted, and FIG . 
21 is a lateral cross-sectional view taken along line IV- 
IV of FIG. 20. 

25 [0101] In the electric pump apparatus of the seventh 
embodiment, the pump 1 is secured to the bracket 2 by 
a plurality of the securing bolts 16, and the tank cylinder 
5 is secured to the electric motor 3 side member by a 
plurality of the securing bolts 52. Except this arrange- 
30 ment. the electric pump apparatus of the seventh em- 
bodiment is similar to the electric pump apparatus of the 
. third, fourth, or sixth embodiment; therefore, the same 
reference numerals are used for similar members and 
the detailed description of the other arrangements, and 

3S functions is omitted. 

[0102] The bracket 2 is provided with four threaded 
holes 28 around the shaft holes with predetermined in- 
tervals with each other, and the intermediate plate 1 7 or 
17A is provided with perforations corresponding to 

<o those threaded holes 28. Four securing bolts 16 for se- 
curing the pump 1 having the end plate 15 and housing 
11 are inserted through the perforations, and the pump 
1 is secured to the bracket 2 by fastening to the threaded 
holes 28. Moreover, the tank cylinder 5 is provided with 

*5 a plurality of flanges 54 having perforations 55 with a 
predetermined interval, as well as providing perforations 
corresponding to the perforations 55 to the intermediate 
plate 1 7 or 1 7A and bracket 2. Thereby, the tank cylinder 
5 is secured to the intermediate plate 17 or 17A by in- 

50 serting the four securing bolts 52 into these perforations 
and fastening to the electric motor 3 side member. 
[0103] The seventh embodiment is a constitution in 
which the most portion of the groove 26a formed on the 
pump 1 side surface of the bracket 2 Is released so as 

55 to increase volume of the suppression chamber 21 or 
21 A; furthermore the securing bolts 16 for securing the 
pump 1 and the securing bolts 52 for securing the tank 
cylinder 5 are utilized so as to constitute the suppression 
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chamber21 or2lA together with the groove 26a. There- 
fore, in order to secure the intermediate plate 17 or 17A 
that has a greater operable area subjected to fluid pres- 
sure reaction force applied by the suppression chamber 
21 or 21 A, bolts with a comparatively small diameters s 
can be used as the securing bolts 1 6 and 52. Moreover, 
weight of the securing bolts for securing the intermedi- 
ate plate 17 or 17A can be reduced, with the result that 
weight of the entire electric pump apparatus can also be 
reduced. Furthermore, even when optimizing the maxi- 10 
mum outlet pressure of the pump i, the intermediate 
plate 17 or 17A can be firmly secured without the need 
for increasing the number of the securing bolts 16 and 
52 by using high-tensile-strength bolls. 

15 

(Embodiment 8) 

[0104] FIG. 22 is an enlarged cross-sectional view 
showing a securing section for securing a pump to a 
bracket in the eighth embodiment of an electric pump so 
apparatus according to the present invention. In the 
electric pump apparatus of the eighth embodiment, a 
pair of first positioning holes Ha are provided to the hous- 
ing 11, a pair of second positioning holes 171g corre- 
sponding to the positioning holes lla are provided to the 25 
intermediate plate 17 or 17A, and a pair of third posi- 
tioning holes 22 are formed to the bracket 2. By fitting 
positioning pins 8 into the first through third positioning 
holes 11a, 171g, and 22, positioning of the intermediate 
plate 1 7 or 1 7A and bracket 2 with respect to the housing 30 

11 can be appropriately made. And here, fitting depths 
L1 and 12 of the posilioning pins 8 to the first and third 
positioning holes 11a and 22 are set within a range of 
22% to 35% with respect to length L in the shaft di rection 

of the housing 1 1 . Except this arrangement, the electric 3S 
pump apparatus of the eighth embodiment is similar to 
the electric pump apparatus of the third, fourth, sixth, or 
seventh embodiment shown in FIG. 7; therefore, the 
same reference numerals are used for similar members 
and the detailed description of the other arrangements 40 
and functions is omitted. 

[0105] In the electric pump apparatus disclosed in the 
above-mentioned Japanese Laid-open Patent Applica- 
tion No. ,10-82:377 (1998), the fitting depths L1 and L2 
of the positioning pins 8 into the first and third positioning 4$ 
holes lla and 22 are set within a range of 7% to 1 1 % with 
respect to the length L in the shaft direction of the hous- 
ing 1 1 ; therefore, the housing 11 having the driving gear 

12 and driven gear 13 inside becomes a vibration 

• source, with its resonance point within a practical fre- so 
quency band, thereby it tends to be causing noises. 
However, the fitting dimensions L1 and L2 of the posi- 
lioning pins 8 of the eighth embodiment is set to be with- 
in the range of 22% to 35% as described above. 
[0106] Moreover, in the electric pump apparatus dis- & 
closed in the above-mentioned Japanese Laid-Open 
Patent Application No.1 0-82377 (1998), the positioning 
pins 8 are fitted into the first through third positioning 



holes lla, 171g, and 22 so as to be tose-fitted. However, 
the positioning pins 8 of the eighth embodiment are fitted 
into the first through third positioning holes 11a, 17lg, 
and 22 so as to be tight-fitted, thereby clamping mutual 
movements of the positioning pins 8, housing 11 , inter- 
mediate plate. 1 7 or 1 7 A. and bracket 2. 
[0107] In the eighth embodiment, the positioning pins 
8, which are placed in the vicinity of the vibration source, 
are utilized, and the fitting depths L1 and L2 of the po- 
sitioning pins 8 to the first and third positioning holes 11 a 
and 22 are set approximately three times longer, as 
compared with the conventional configuration. There- 
fore, it can shift the resonance point out of the practical 
frequency band, and consequently it can eliminate gen- 
eration of noises due to the housing 1 1 by being a vibra- 
tion source, without need for adding a particular ar- 
rangement. Moreover, since the positioning pins 8 are 
fitted into the first through third positioning holes ila, 
171g, and 22 so as to be fastened therein; therefore it 
can further reduce generation of noises caused by the 
housing 1 1 being a vibration source. 

(Embodiment 9) 

[0108] FIG. 23 is an exploded side view showing an 
essential part of the ninth embodiment of an electric 
pump apparatus according to the present invention, 
from which an electric motor section is omitted. In the 
electric pump apparatus of the ninth embodiment, in- 
stead of forming the suppression chamber 21 or 21 A by 
the groove 26a and intermediate plate 17 or 17A, a built- 
in suppression chamber 21 B having a approximately C- 
shape inside the bracket 2A is provided. Except this ar- 
rangement, the electric pump apparatus of the ninth em- 
bodiment is similar to the electric pump apparatus of the 
third embodiment shown in 

[0109] FIG. 7; therefore, the same reference numer- 
als are used for similar members and the detailed de- 
scription of the other arrangements and functions is 
omitted. 

[0110] FIGS. 24 through 26 are plan, cross-sectional, 
and bottom views of the bracket shown in FIG. 23, re- 
spectively; and FIGS. 27A and 27B are plan and side 
views showing a shell core for forming the suppression 
chamber shown in FIG. 23, respectively. 
[0111] The suppression chamber 21 B is molded by 
using, for example, a gravity method by utilizing a shell 
core 9. This gravity method uses a pair of split dies (not 
shown) for molding the bracket 2A, and the shell core 9 
corresponding to the suppression chamber 21 B. This 
shell core 9 is made of sand and solidified by a synthetic- 
resin bonding agent, and it is provided with a core main 
body 91 having a approximately C-shape corresponding 
to the suppression chamber 21 B, a pair of first arm por- 
tions 92 for molding two inlet holes 23, and a second 
arm portion 93 for molding the connecting port 63. 
[0112] This shell core 9 is placed inside the pair of split 
dies, and then a molten aluminum alloy material or mol- 
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ten high-tensile-strength aluminum material is poured 
into the split dies to mold the bracket 2A. Next, after the 
bracket 2A has been cooled off, the lump of sand is 
made to collapse, and the sand inside the bracket 2A is 
discharged outside through the inlet holes 2:3 and con- 
necting port 63, the inside of the bracket 2A is shot-blast- 
ed, and then the bracket 2A itself is allowed to have a 
built-in suppression chamber 21 B. 
[01 1 3] Here, the bracket 2A is provided with a pair of 
positioning holes 22 corresponding to the positioning 
holes 171 g of the intermediate plate 17 or 17 A, and a 
flange 25 having perforations 24 corresponding to the 
perforations 55 of the flange 54. 
[0114] in the ninth embodiment, since the suppres- 
sion chamber 21 B can be constituted only with the 
bracket 2A without using the intermediate plate 17 or 
17A as described in the third and fourth embodiments, 
as compared with the third and fourth embodiments in 
which the suppression chamber 21 or 21 A is formed by 
the groove 26a and intermediate plate 1 7 or 1 7 A, it be- 20 
comes possible to reduce the number of parts, and con- 
sequently to greatly reduce costs. 
[0115] Moreover, an inlet hole 23 for introducing pres- 
surized fluid discharged from the pump 1 is provided on 
the pump 1 side surface of the bracket 2A, without al- & 
lowing most of the suppression chamber 21 or 21 A to 
be released as the third and fourth embodiments. There- 
fore, the operable area subjected to the fluid pressure 
reaction force applied from the suppression chamber 
21 B to the pump 1 can be reduced as compared with . 20 
the third and fourth embodiments, and this makes it pos- 
sible to reduce the axial force required for the securing 
bolts to secure the pump 1 to the bracket 2A, and also 
to firmly secure the pump 1 with small-size securing 
bolts; thus it becomes possible to make the entire etec- 35 
trie pump apparatus compact. .. 
[0116] Additionally, in the above-mentioned electric 
pump apparatus according to the present invention, the 
suppression chamber 21, 21 A, and 21B may be provid- 
ed as, for example, an annular shape as the third em- 40 
bodiment, or may be provided as an approximately C- 
shape as the ninth embodiment. Moreover, two or more 
suppression chambers 21, 21 A, and 21 B may be pro- 
vided around the shaft hole 20 and 171c, and these 
chambers may be connected to each other by cemmu- *s 
nicating paths. Therefore, the present invention does 
not particularly limit constitutions of the suppression 
chamber. 

[011 7] Furthermore, although the fourth through ninth 
embodiments are given as examples that are constitut- so 
ed based upon the third embodiment, the constitutions 
of these third through ninth embodiments may of course 
be applied to the electric pump apparatus having the 
mounting constitution of the tank cylinder 5 shown in the 
first and second embodiments. 55 
[011 8] Moreover, the above-mentioned embodiments 
have dealt with hydraulic-type electric pump apparatus- 
es which are to be mounted on vehicles so as obtain 



operating fluid for hydraulic apparatuses such as power 
steering apparatuses and automatic transmission appa- 
ratuses; however, the present invention may of course 
be applied to electric pump apparatuses other than 
s those used for vehicle-mount pumps, and may be fur- 
ther applied to electric pump apparatuses using fluid 
other than oil. 

Furthermore, the pump 1 is not intended to be limited to 
a gear pump as explained in the above-mentioned em- 
10 bodiments, and may be other pumps of the rotational 
volume type, such as vane pumps. 

Claims 

is 

1 . An electric pump apparatus, comprising: 
a pump (1); 

an electric motor (3) for driving the pump (1); 
a cylindrical bracket (2, 2A) for supporting the 
pump (1 ) and electric motor (3) on its respective 
end faces, with a groove (26a) being circumfer- 
entiaity provided to the end surface; and 
a bottom ed-cylindrical tank cylinder (5) for con- 
stituting a reservoir (R) by fitting its opening- 
side-end portion into the groove (26a) on the 
pump (1 ) side end surface of the bracket (2, 2A) 
so as to surround the pump (1), 

characterized by comprising: an anti-come- 
off ring (27) for securing the tank cylinder (5) by en- 
gaging the opening-side-end portion of the tank cyl- 
inder (5) with a side wall of the groove (26a) so that 
the tank cylinder (5) does not come off from the 
groove (26a). 

2. The electric pump apparatus according to claim 1 , 
wherein the anti-come-off ring (27) is a snap ring 
(27) having a circular cross-section. 

3. The electric pump apparatus according to claim 1 
or 2, wherein the tank cylinder (5) includes: 

a fitting portion (51a) having a predetermined 
length from its opening edge with a thickness 
approximately equal to width of the groove 
(26a); 

an inlet surface (51b) which is located at a po- 
sition farther from the opening edge than the 
fitting portion (51a) and which faces the side 
wall of the groove (26a) with a gap which allows 
the anti-come-off ring (27) to be introduced 
when fitting into the groove (26a); 
a guide surface (51 c), which is located between 
the inlet surface (51b) and fitting portion (51a), 
which is outwardly inclined toward the opening 
edge, and which introduces the anti-come-off 
ring (27) along the inlet surface (51b) to its en- 
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gaging position (26b); and 
an engage surface (5 Id) which has a curved 
surface continuously provided with the guide 
surface (51 c) and which touches the anti-come- 
off ring (27) being engaged at the engaging po- 
sition (26b). 

4. The electric pump apparatus according to claim 1 
to 3, further comprising: 

a biasing member (82), being intervened be-, 
tween the opening edge of the tank cylinder (5) and 
the bottom surface of the groove (26a), for pushing 
the engage surface (51d) against the anti-come-off 
ring (27) by basing the tank cylinder (5) away from 
the bottom surface. 

5. An electric pump apparatus, comprising: 

a pump (1); 

an electric motor (3) having its output shaft (30) 
connected to an input shaft (1 0) of the pump (1 ); 
a bracket (2, 2A) which is intervened between 
the pump (1 ) and electric motor (3); and 
a suppression chamber (21 , 21 A, 21 B), provid- 
ed in a discharging path of the pump (1), for 
reducing pulsation of pressurized fluid dis- 
charged into the discharging path due to a 
transmission from the electric motor (3), 

characterized in that the suppression cham- 
ber (21 , 21 A, 21 B) is provided to the bracket (2, 2A). 

6. The electric pump apparatus according to claim 5, 
further comprising: 

an intermediate plate (17, 17A) intervened be- 
tween the bracket (2, 2A) and pump (1 ), 
wherein the suppression chamber (21 . 21 A) is 
constituted by allowing the intermediate plate 
(17, 17A) to seal a recess (26a) provided in an 
opposing portion of the bracket (2, 2A) to the 
pump(1). 

7. The electric pump apparatus according to claim 5, 
wherein the suppression chamber (21 , 21 A, 21 B) is 
provided inside the bracket (2, 2A). 

8. The electric pump apparatus according to claim 5 
to 7, wherein the suppression chamber (21, 21 A, 
21 B) is provided so as to wind around the input shaft 
(10) of the pump(1). 

9. The electric pump apparatus according to claim 6, 
wherein the intermediate plate (1 7, 1 7 A) is made of 
a high-tensile-strength aluminum material. 

10. The electric pump apparatus according to claim 6 
or 8, further comprising: 
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a synthetic-resin-made reservoir (5), for sur- 
rounding the pump (1), having a plurality of 
flanges (171k) which are respectively secured 
to the intermediate plate (17, 17 A) by securing 
screws (52); 

a metal-made collar (56) which is Inserted into 
a perforation (171h) provided in each of the 
flanges (171k); and 

a metal-made washer plate (57) which is inter- 
vened between the collar (56) and intermediate 
plate (17, 17A), 
wherein a plurality of the washer plates (57) are 
integrally formed. 

11. The electric pump apparatus according to claim 7, 
wherein the bracket (2, 2A) has a groove (26a) cir- 
cumf erentially provided to its pump (1 ) side surface, 
further comprising: 

a bottomedKjyIindrical tank cylinder (5) for con- 
stituting a reservoir (R) by fitting its opening- 
side-end portion into the groove (26a) provided 
on the pump (1) side end surface of the bracket 
(2, 2A) so as to surround the pump (1); and 
an anti-come-off ring (27) for securing the tank 
cylinder (5) by engaging the opening-side-end 
portion of the tank cylinder (5) with a side wall 
of the groove (26a) so that the tank cylinder (5) 
does not come off from the groove (26a). 
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